Few studies have examined multiple measures of white matter (WM) differences in youth with familial risk for bipolar disorder (FR-BD). To investigate WM in the FR-BD group, we used three measures of WM structure and two methods of analysis. We used fractional anisotropy (FA), axial diffusivity (AD), and radial diffusivity (RD) to analyze diffusion tensor imaging (DTI) findings in 25 youth with familial risk for bipolar disorder, defined as having both a parent with BD and mood dysregulation, and 16 sex-, age-, and IQ-matched healthy controls. We conducted a whole brain voxelwise analysis using tract based spatial statistics (TBSS). Subsequently, we conducted a complementary atlas-based, region-of-interest analysis using Diffeomap to confirm results seen in TBSS. When TBSS was used, significant widespread betweengroup differences were found showing increased FA, increased AD, and decreased RD in the FR-BD group in the bilateral uncinate fasciculus, cingulum, cingulate, superior fronto-occipital fasciculus (SFOF), superior longitudinal fasciculus (SLF), inferior longitudinal fasciculus, and corpus callosum. Atlas-based analysis confirmed significant between-group differences, with increased FA and decreased RD in the FR-BD group in the SLF, cingulum, and SFOF. We found significant widespread WM tract aberrations in youth with familial risk for BD using two complementary methods of DTI analysis.
Introduction
Children with bipolar disorder (BD) have a more severe course of illness (Geller et al., 2002; Togen and Angst, 2002; Carter et al., 2003; Geller and DelBello, 2003; Perlis et al., 2004; Birmaher et al., 2006 Birmaher et al., , 2009 with higher relapse, psychosocial impairment, substance use, and twice the rate of attempted suicides (Axelson et al., 2006) when compared with children with unipolar depression. Childhood-onset BD is linked to genetic heritability, placing children of parents with BD at highest risk for the disorder (Craney and Geller, 2003; Faraone et al., 2003; Dilsaver and Akiskal, 2004; Lin et al., 2006; Rende et al., 2007) . These children with familial risk for BD also may exhibit early mood symptoms or attention deficit/hyperactivity disorder (ADHD) (Carlson and Weintraub, 1993; Chang et al., 2000; Tillman and Geller, 2006) before the first manic episode. These early symptoms are often the catalyst for treatment initiation. Nearly half of those children with familial risk for BD will develop BD 4-5 years after their initial assessment (Axelson et al., 2011) . Whether or not they develop the illness, these children have ongoing mood dysregulation and functional impairment (Birmaher et al., 2009; Carlson, 2009; Luby and Navsaria, 2010) . Understanding their pathophysiology may have important implications for the course of BD, regardless of whether vulnerable children go on to develop full syndromal BD.
Converging evidence suggests white matter (WM) abnormalities in BD (Yendiki et al., 2011) . Previous diffusion tensor imaging (DTI) studies of adults (Adler et al., 2004; Beyer et al., 2005; Haznedar et al., 2005; Wang et al., 2008a Wang et al., , 2008b Sussmann et al., 2009 ) and adolescents (Adler et al., 2006; Frazier et al., 2007; Pavuluri et al., 2009; Gonenc et al., 2010) with BD using a regionof-interest (ROI) approach have shown WM tract abnormalities in the frontal cortex, corpus callosum (CC), inferior longitudinal fasciculus (ILF), thalamic pathways, uncinate fasciculus (UF), cingulate-paracingulate, cingulum, and superior longitudinal fasciculus (SLF). However, an ROI approach is limited in that it only allows for analyses of pre-defined a priori regions. Whole brain DTI analyses using standard voxel-based morphometry (VBM) in adults (Haznedar et al., 2005; Bruno et al., 2008; Wang et al., 2008a Wang et al., , 2008b Chaddock et al., 2009; Mahon et al., 2009;  Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/psychresns
